[Name of Document] DESCRIPTION 

[Title of the Invention] TWO-FLUID NOZZLE FOR CLEANING 
SUBSTRATE AND SUBSTRATE CLEANING APPARATUS 
[Technical Field] 
5 [0001] 

The present invention relates to a two-fluid nozzle for cleaning 
substrates used for removing contaminants adhering on the surface of a 
semiconductor substrate or the like for example and a substrate cleaning 
apparatus having the two-fluid nozzle for cleaning substrates. 
1 0 [Background Art] 
[0002] 

In a manufacturing process of a semiconductor device for example, 
there is used a substrate cleaning apparatus for cleaning a semiconductor 
wafer (hereinafter, referred to as a wafer) with a cleaning solution such as a 

15 chemical solution, pure water or the like to remove contamination of particles, 
organic contaminants, and metal impurities adhering on the wafer. As an 
example of such a substrate cleaning apparatus, one that uses a two-fluid 
nozzle to inject a cleaning solution in a liquid drop form to the surface of a 
wafer is known. 

20 [0003] 

Conventionally, as a two-fluid nozzle for cleaning substrates, an 
internal mixing type to form liquid droplets by mixing gas and liquid inside 
the nozzle and an external mixing type to form liquid droplets by mixing gas 
and liquid outside the nozzle are known (for example, refer to Patent 
25 Document 1). Also, as an example of the internal mixing type, one that 
allows internally-formed liquid droplets and gas to pass through a straight 
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tube so as to accelerate the liquid droplets and inject them into the air at a 
sufficient speed is proposed (for example, refer to Patent Document 2). 

[Patent Document 1] Japanese Patent Application Laid-open No. 
2003-197597 

5 [Patent Document 2] Patent Publication No. 33 1 56 1 1 

[Disclosure of the Invention] 
[Problems to Be Solved by the Invention] 
[0004] 

However, the conventional two-fluid nozzle for cleaning substrates 

10 generates a large dispersion in particle diameters of liquid droplets, having a 
risk that large liquid droplets are injected to the surface of a wafer to damage 
a minute pattern formed on the surface of the wafer. Particularly, in a case 
of the internal mixing type nozzle having a straight tube for accelerating 
liquid droplets, there is a problem that, while liquid droplets pass through the 

15 straight tube, small liquid droplets converge and form large liquid droplets. 
Also, it is known that the larger the number of liquid droplets to be injected, 
the higher the contaminant removing performance, but there is a problem that, 
if the liquid droplets are not sufficiently atomized or the liquid droplets 
converge to form large liquid droplets, the number of liquid droplets becomes 

20 small and the contaminant removing performance decreases. Also, when the 
flow rate of gas is increased to accelerate the liquid droplets at a high speed in 
order to increase the contaminant removing performance, large liquid droplets 
are injected also at a high speed, thereby damaging the surface of a wafer. 
Accordingly, there has been a limit to improve the contaminant removing 

25 oerformance. 

X 

[0005] 
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Moreover, in the internal mixing type nozzle, there is a problem of 
having large dispersion in injection speed of liquid droplets. High speed 
liquid droplets have a risk of damaging the surface of a wafer. Further, 
low-speed liquid droplets have a problem of presenting low contaminant 
5 removing performance. 
[0006] 

An object of the present invention is to provide a two-fluid nozzle for 
cleaning substrates which can uniform particle diameters and speeds of liquid 
droplets, and a substrate cleaning apparatus which can favorably clean a 
10 substrate using such a two-fluid nozzle for cleaning substrates. 
[Means for Solving the Problems] 
[0007] 

In order to achieve the above object, according to the present 
invention, there is provided a two-fluid nozzle for cleaning substrates which 

15 mixes gas and liquid internally and injects liquid droplets with gas so as to 
clean a substrate, which has a gas supply passage for supplying gas, a liquid 
supply passage for supplying liquid, and a lead-out passage for leading out 
internally-formed liquid droplets, wherein an injection port for injecting 
liquid droplets to the outside is formed at the front end of the lead-out passage, 

20 and wherein a cross-sectional area Sb of the injection port is formed smaller 
than a cross-sectional area Sa of the lead-out passage, and a cross-sectional 
area Sc of an exit of the gas supply passage is formed smaller than the 
cross-sectional area Sa of the lead-out passage. 
[0008] 

25 A ratio Sa : Sb between the cross-sectional area Sa of the lead-out 

passage and the cross-sectional area Sb of the injection port may be 1 : 0.25 to 
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0.81. The cross-sectional area Sc of the exit of the gas supply passage may 
be formed equal to the cross-sectional area Sb of the injection port or smaller 
than the cross-sectional area Sb of the injection port. A ratio Sb : Sc 
between the cross-sectional area Sb of the injection port and the 

5 cross-sectional area Sc of the exit of the gas supply passage may be 1 : 0.16 to 
0.87. The cross-sectional area Sc of the exit of the gas supply passage may 
be 1.13 mm 2 to 6.16 mm 2 . The cross-sectional area Sc of the exit of the gas 
supply passage may be 1.77 mm 2 to 4.91 mm 2 . The lead-out passage may be 
formed in a straight shape, and the cross- sectional area Sa of the lead-out 

10 passage may be constant. A length LI of the lead-out passage may be 10 
mm to 90 mm. A length L2 of the injection port may be 30 mm or shorter. 
[0009] 

The two-fluid nozzle for cleaning substrates according to the present 
invention may have, for example, a liquid introduction passage in an annular 

15 shape surrounding the gas supply passage, and may have a structure such that 
the gas supply passage is arranged coaxially with the lead-out passage, the 
liquid supply passage is opened on an outer peripheral face of the liquid 
introduction passage, a taper portion is formed with a diameter which gets 
smaller toward a front end side in the liquid introduction passage, the taper 

20 portion is opened between the gas supply passage and the lead-out passage, 
and gas supplied from the gas supply passage and liquid introduced from the 
liquid introduction passage are mixed to form liquid droplets and the liquid 
droplets are lead out via the lead-out passage. The injection port may be 
formed with a vertical cross-sectional shape of an exit side periphery having a 

25 right angle or an acute angle. 
[0010] 
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Further, according to the present invention, there is provided a 
substrate cleaning apparatus which has the above-described two-fluid nozzle 
for cleaning substrates, a spin chuck for holding a substrate substantially 
horizontally, and a drive mechanism for moving the two-fluid nozzle for 
5 cleaning substrates above the substrate. 
[Effect of the Invention] 
[0011] 

According to the present invention, by providing an injection port at 
the front end of a lead-out passage and allowing liquid droplets to pass 

10 through the injection port, the liquid droplets can be atomized sufficiently. 
In middle of the lead-out passage, even when a large liquid drop is formed on 
the inner wall of the lead-out passage, it is re-atomized in the injection port, 
and thus particle diameters of liquid droplets are uniformed. Further, by 
making respective diameters of the lead-out passage, the injection port, a 

15 liquid supply passage, and a gas supply passage with appropriate sizes, liquid 
and gas can be mixed at an appropriate flow rate to sufficiently atomize and 
inject liquid droplets. By making the lead-out passage and the injection port 
with appropriate lengths, sufficiently atomized liquid droplets can be injected 
at an appropriate speed. Therefore, contaminant removing performance of a 

20 two-fluid nozzle for cleaning substrates can be improved. Furthermore, 
speeds of liquid droplets can be uniformed. Further, by a substrate cleaning 
apparatus according to the present invention, the contaminant removing 
performance can be improved without damaging the surface of a substrate. 
[Brief Description of the Drawings] 

25 [0012] 

[FIG 1] 
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A schematic vertical cross-sectional view of a cleaning apparatus 
according to the present embodiment. 
[FIG 2] 

A schematic plan view of the cleaning apparatus according to the 
5 present embodiment. 
[FIG 3] 

A schematic vertical cross-sectional view of a two-fluid nozzle 
according to the present embodiment. 
[FIG 4] 

10 An explanatory view showing the structure of the inside of the 

two-fluid nozzle. 
[FIG 5] 

A graph showing a relationship between a diameter c of the exit of a 
gas supply passage and cleaning performance (particle removing rate). 
15 [FIG 6] 

An explanatory view of a gas supply pipe and a liquid supply pipe. 
[FIG 7] 

A vertical cross-sectional view showing an enlarged shape of a front 
end portion of a two-fluid nozzle according to another embodiment. 
20 [FIG 8] 

An explanatory view of an embodiment in which an injection port or a 
narrowed portion is formed as plural holes (multiple holes). 

[FIG 9] 

A photograph showing a generation state of a mist when the diameter 
25 c of the exit of the gas supply path is 1 .5 mm. 2.0 mm. and 3.0 mm. 
[Explanation of Codes] 
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[0013] 

D liquid drop 
W wafer 
1 cleaning apparatus 
5 2 spin chuck 

5 two-fluid nozzle 
1 8 drive mechanism 

21 gas supply passage 

22 liquid supply passage 
1 0 23 lead-out passage 

24 injection port 

3 1 narrowed portion 

32 liquid introduction passage 
37 taper portion 

15 38 narrowed portion 

[Best Mode for Carrying out the Invention] 
[0014] 

Hereinafter, a preferred embodiment of the present invention will be 
described based on a substrate cleaning apparatus 1 configured to clean the 

20 surface of a wafer W as an example of a substrate. As shown in FIG L the 
substrate cleaning apparatus 1 according to the embodiment of the present 
invention has a spin chuck 2 for holding a wafer W in a substantially disk 
shape substantially horizontally, a two-fluid nozzle 5 according to the 
embodiment of the present invention which mixes gas and liquid internally 

25 and injects liquid droplets (drops) with gas 5 and a cup 6 surrounding the 
periphery of the wafer W held by the spin chuck 2. 
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[0015] 

As shown in FIG 2, the spin chuck 2 has three holding members 10 on 
an upper side, and holds the wafer W by abutting these three holding 
members 10 onto three positions respectively of the periphery of the wafer W. 
5 As shown in FIG 1, the spin chuck 2 is connected to a motor 12. By driving 
this motor 12, the spin chuck 2 is rotated so that the wafer W is rotated 
integrally with the spin chuck 2 within a substantially horizontal plane. 
[0016] 

The two-fluid nozzle 5 is attached to the front end of a nozzle arm 1 5 
10 arranged substantially horizontally above the wafer W held by the spin chuck 
2. A base end of the nozzle arm 15 is fixed on a turning shaft 16 arranged 
outside the cup 6 in a substantially vertical direction, and a drive unit 17 is 
connected to the taming shaft 16. In this embodiment, a drive mechanism 
18 which moves the two-fluid nozzle 5 is constituted of the nozzle arm 15, the 
15 turning shaft 16, and the drive unit 17. By driving this drive unit 17, the 
nozzle arm 15 can be turned within a substantially horizontal plane about the 
turning axis 16 so as to move the two-fluid nozzle 5 integrally with the nozzle 
arm 15 at least from above a center portion of the wafer W to above the 
periphery of the wafer W. Also, by driving the drive unit 17, the turning 
20 shaft 16 is raised/lowered so as to allow the two-fluid nozzle 5 to be 
raised/lowered integrally with the nozzle arm 15 and the turning shaft 16. 
[0017] 

As shown in FIG 3, the two-fluid nozzle 5 is an internal mixing type 
two-fluid nozzle for cleaning substrates, which has a gas supply passage 21 
25 for supplying gas such as nitrogen (N 2 ) for example to the inside of the 
two-fluid nozzle 5, a liquid supply passage 22 for supplying liquid such as 
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pure water (DIW) for example to the inside of the two-fluid nozzle 5, and a 
lead-out passage 23 for leading out a jet flow of liquid droplets D formed 
inside the two-fluid nozzle 5 and nitrogen gas. On the front end of the 
lead-out passage 23, an injection port 24 is formed for injecting liquid 
5 droplets D to the outside. 
[0018] 

The gas supply passage 21 is arranged coaxially with the lead-out 
passage 23. On an exit portion of the gas supply passage 21, a narrowed 
portion 31 is formed. The narrowed portion 31 is formed to have a 

10 cross-sectional area smaller than that of an upstream side portion thereof. 
The exit of the narrowed portion 3 1 is arranged adjacent to the entrance of the 
lead-out passage 23. Note that the cross-sectional area of the narrowed 
portion 3 1 is preferred to be constant from the entrance to the exit, and the 
cross-sectional shape of the narrowed portion 31 is preferred to be for 

15 example a circular shape, an oval shape or the like. As shown, when the 
cross-sectional area of the narrowed portion 3 1 is constant from the entrance 
to the exit, the cross-sectional area Sc of the exit of the gas supply passage 23 
is equal to the cross-sectional area of the narrowed portion 3 1 . 
[0019] 

20 On the periphery of the gas supply passage 21, there is formed a liquid 

introduction passage 32 formed armularly surrounding the narrowed portion 
31 of the gas supply passage 2 1 . The liquid supply passage 22 is connected 
to the liquid introduction passage 32, and supplies pure water to the liquid 
introduction passage 32. The gas supply passage 21 is arranged to pass 

25 through inside the liquid introduction passage 32. This liquid introduction 
passage 32 is formed in a cylindrical shape having an annular cross-section. 
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In the liquid introduction passage 32, an annular trench 36 and a taper portion 
37 are formed, the taper portion 37 being formed with an inside diameter and 
an outside diameter which get smaller toward the front end side (lower side in 
FIG 3). The taper portion 37 is formed rather closer to the front end side 

5 than the annular trench 36, and the exit of the taper portion 37 opens 
annularly between the exit of the narrowed portion 31 of the gas supply 
passage 21 and the entrance of the lead-out passage 23. Therefore, pure 
water introduced into the liquid introduction passage 32 mixes with nitrogen 
gas supplied from the narrowed portion 3 1 of the gas supply passage 21 in the 

10 vicinity of the entrance of the lead-out passage 23, thereby forming liquid 
droplets D. A base end side (upper side in FIG 3) of the liquid introduction 
passage 32 is closed. Incidentally, the inclination of the taper portion 37 
may form, for example, an angle of approximately 45° with respect to the gas 
supply passage 21 and the lead-out passage 23. 

15 [0020] 

The liquid supply passage 22 is provided to form an appropriate angle 
with respect to the annular trench 36 of the liquid introduction passage 32, 
and opens on an outer peripheral face of the annular trench 36. In the shown 
example, the liquid supply passage 22 is provided to have a substantially 

20 perpendicular angle with respect to the outer peripheral face of the annular 
trench 36, which is substantially parallel to the gas supply passage 21 . At an 
exit portion of the liquid supply passage 22, a narrowed portion 38 is formed. 
The narrowed portion 38 is formed in an orifice shape with a cross-sectional 
area smaller than that of an upstream side portion thereof. Then, the exit of 

25 the narrowed portion 38 is provided so as to open inward of the annular 
trench 36. The cross-sectional area of the narrowed portion 38 is preferred 



to be constant from the entrance to the exit, and the cross-sectional shape of 
the narrowed portion 38 is preferred to be for example a circular shape, an 
oval shape or the like. As shown, when the cross-sectional area of the 
narrowed portion 38 is constant from the entrance to the exit, the 
5 cross-sectional area Sd of the exit of the liquid supply passage 22 is equal to 
the cross-sectional area of the narrowed portion 38. 
[0021] 

The lead-out passage 23 is arranged coaxially with the narrowed 
portion 31 of the gas supply passage 21 as described above, and is 

10 communicable to the gas supply passage 21 and the liquid introduction 
passage 32. The lead-out passage 23 is formed in a linear shape and the 
cross-sectional area Sa of the lead-out passage 23 is preferred to be constant 
from the entrance to the exit, and the cross-sectional shape of the lead-out 
passage 23 is preferred to be for example a circular shape, an oval shape or 

15 the like. As shown in FIG 4, nitrogen gas N 2 supplied from the gas supply 
passage 21 and pure water DIW introduced from the liquid introduction 
passage 32 mix together in the vicinity of the entrance of the lead-out passage 
23, whereby numerous liquid droplets D of pure water are formed and the 
formed liquid droplets D are lead out with nitrogen gas N 2 via the lead-out 

20 passage 23, 
[0022] 

The injection port 24 is formed in an orifice shape with a 
cross-sectional area smaller than that of the lead-out passage 23. When the 
injection port 24 in an orifice shape having such a cross-sectional shape 
25 smaller than that of the lead-out passage 23 does not exist liquid droplets D 
in a mist form grown along the inner wall of the lead-out passage 23 are 
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ejected as they are. The cross-sectional area Sb of the injection port 24 is 
preferred to be constant from the entrance to the exit, and the cross-sectional 
shape of the injection port 24 is preferred to be for example a circular shape, 
an oval shape or the like. Liquid droplets D which passed through the 

5 lead-out passage 23 are atomized again while passing through the injection 
port 24 and injected. Therefore, in a case that liquid droplets D have grown 
largely while moving along the inner wall of the lead-out passage 23, the 
liquid droplets D can be atomized to have a sufficiently small particle 
diameter and injected by allowing them to pass through the injection port 24. 

10 [0023] 

As shown in FIG 4, the two-fluid nozzle 5 is preferred to be formed 
with the vertical cross-sectional shape of a portion along an exit side 
periphery of the injection port 24 having a right angle. Specifically, an inner 
face of the injection port 24 and a plane outside a front end portion of the 

15 two-fluid nozzle 5 are preferred to be formed perpendicular to each other. In 
this manner, liquid droplets D injected from the injection port 24 proceed 
straight easily in a direction to which the lead-out passage 23 and the injection 
port 24 are heading. On the other hand, if the vertical cross-sectional shape 
of the portion along the exit side periphery of the injection port 24 is not 

20 formed with a right angle, but a round or a taper face is formed thereon, liquid 
droplets D proceed along the round or the taper face and be injected obliquely 
with respect to the injection port 24, and liquid droplets D that proceed 
outward from the injection port 24 increase. By forming the exit periphery 
of the injection port 24 with a right angle, the straightness of liquid droplets D 

25 becomes good, and thus the liquid droplets D can be injected intensely and 
intensively toward a wafer W. which can improve contaminant removing 
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performance. Note that also by forming the exit periphery of the injection 
port 24 with an acute angle, the straightness of the liquid droplets D becomes 
good similarly. 
[0024] 

5 Further, as shown in FIG 4, the two-fluid nozzle 5 is supported at the 

front end of the nozzle arm 15 with the gas supply passage 21, the lead-out 
passage 23, and the injection port 24 being directed in a vertical direction 
with respect to the top face of a wafer W held by the spin chuck 2. 
Specifically, a jet flow of liquid droplets D is injected substantially vertically 

10 with respect to the top face of the wafer W. 
[0025] 

Further, if a length LI of the lead-out passage 23 in the flowing 
direction of liquid droplets D is too long, liquid droplets D moving along the 
inner wall of the lead-out passage 23 converge together and become large 

15 easily. Conversely, if the length LI of the lead-out passage 23 is too short, 
liquid droplets D cannot be accelerated enough inside the lead-out passage 23 
and hence the injection speed of liquid droplets D from the injection port 24 
becomes slow, and also re-atomization of liquid droplets D may not be 
performed sufficiently in the injection port 24. Therefore, it is needed that 

20 the length LI of the lead-out passage 23 is formed with an appropriate length 
to thereby enable sufficient acceleration of liquid droplets D in a state of 
being sufficiently atomized. For example, the length LI of the lead-out 
passage 23 is preferably approximately 10 mm to 90 mm. 
[0026] 

25 Also, if the cross-sectional area Sa of the lead-out passage 23 is too 

large, the speed of liquid droplets D passing through the lead-out passage 23 
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becomes slow, which makes liquid droplets D moving along the inner wall of 
the lead-out passage 23 to converge together and become large easily. 
Conversely, if the cross-sectional area Sa of the lead-out passage 23 is too 
small, the flow rate of nitrogen gas N 2 inside the lead-out passage 23 is 
5 limited to be low, and thus liquid droplets D will not be formed favorably in 
the vicinity of the entrance of the lead-out passage 23, which may result in 
that the formed liquid droplets D are larger than a desirable particle diameter. 
Therefore, it is needed that the cross-sectional area Sa of the lead-out passage 
23 is formed with an appropriate size for enabling supply of liquid droplets D 

10 to the injection port 24 in a state of being atomized sufficiently. For 
example, when the cross-sectional shape of the lead-out passage 23 is a 
circular shape, the diameter a of the lead-out passage 23 is preferably 
approximately 1 mm to 7 mm, more preferably approximately 3 mm to 5 mm. 
When the cross-sectional shape of the lead-out passage 23 is other than a 

15 circular shape, such as an oval shape, the cross-sectional area of the lead-out 
passage 23 is preferably approximately 0.785 mm 2 to 38.5 mm 2 , more 
preferably approximately 7.07 mm 2 to 19.6 mm 2 . 
[0027] 

Moreover, if the cross-sectional area Sb of the injection port 24 is too 
20 small, the flow rate of N 2 gas inside the injection port 24 is limited to be low, 
and also the flow rate of N 2 gas in the gas supply passage 21 and the lead-out 
passage 23 is limited to be low, and thus liquid droplets D will not be formed 
favorably in the vicinity of the entrance of the lead-out passage 23, which 
may result in that the formed liquid droplets D are larger than a desirable 
25 particle diameter. Conversely, if the cross-sectional area Sb of the injection 
port 24 is too large, the injection speed of liquid droplets D from the injection 
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port 24 becomes slow, and also liquid droplets D may not be re-atomized 
sufficiently in the injection port 24. Therefore, it is needed that the 
cross-sectional area Sb of the injection port 24 is formed with an appropriate 
size to thereby enable injection of liquid droplets D with sufficient 
5 acceleration in a state of being atomized to be sufficiently small. For 
example, when the cross-sectional shape of the injection port 24 is a circular 
shape, the diameter b of the injection port 24 is preferably approximately 0.5 
mm to 6 mm, more preferably, approximately 2 mm to 4 mm. When the 
cross-sectional shape of the injection port 24 is other than a circular shape, 

10 such as an oval shape, the cross-sectional area Sb of the injection port 24 is 
preferably approximately 0.996 mm 2 to 28.3 mm 2 , more preferably 
approximately 3.14 mm 2 to 12.6 mm 2 . Further, when the cross-sectional 
shape of the lead-out passage 23 and the cross-sectional shape of the injection 
port 24 are both a circular shape, a ratio of the diameter a of the lead-out 

15 passage 23 and the diameter b of the injection port 24 is preferably 
approximately a : b = 1 : 0.5 to 0.9. When b < 0.5a, a large-diameter mist of 
the inner wall of the lead-out passage 23 is atomized, but a difference between 
the speed at the lead-out passage 23 and the speed when passing through the 
injection port 24 is too large because the narrowness is too small. The mist 

20 speed does not catch up this speed difference (cannot accelerate), resulting in 
dispersion of the mist speed, which is not favorable. Also, control of the N 2 
flow rate becomes more severe in use, which is not favorable. On the other 
hand, when b > 0.9a, uniformity of the mist speed is high, but re-atomization 
of the mist becomes difficult because the narrowness is large. Accordingly, 

25 a large amount of large diameter mists is ejected. Thus, the number of mists 
is decreased, resulting in decrease of cleaning performance, which is not 
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favorable. On the other hand, when b = 0.5a to 0.9a, the narrowness is 
appropriate, so that the balance between the re-atomization of mist and the 
uniformity of mist speed is good. When either of the cross-sectional shape 
of the lead-out passage 23 or the cross-sectional shape of the injection port 24 
5 are other than a circular shape, such as an oval shape, the ratio of the 
cross-section of the lead-out passage 23 and the cross-section of the injection 
port 24 is preferably approximately 1 : 0.25 to 0.81. 
[0028] 

A length L2 of the injection port 24 in the flowing direction of liquid 
10 droplets D is formed shorter as compared to the length LI of the lead-out 
passage 23. If this length L2 of the injection port 24 is too long, liquid 
droplets D moving along the inner wall of the injection port 24 may converge 
together and become large. Therefore, the length L2 of the injection port 24 
needs to be an appropriate length. The length L2 of the injection port 24 is 
15 preferably approximately 30 mm or shorter. 
[0029] 

On the other hand, regarding the gas supply passage 21, if the 
cross-sectional area Sc of the exit of the gas supply passage 21, namely the 
cross-sectional area of the narrowed portion 3 1 is too small, the flow rate of 

20 nitrogen gas N 2 flowing out from the narrowed portion 3 1 is limited to be low 5 
so that liquid droplets D cannot be accelerated enough in the lead-out passage 
23, and thus the injection speed of liquid droplets D from the injection port 24 
becomes slow. Conversely, if the cross-sectional area Sc of the exit of the 
gas supply passage 21 is too large, liquid droplets D will not be formed 

25 favorably in the vicinity of the entrance of the lead-out passage 23, which 
may result in that the formed liquid droplets D are larger than a desirable 
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particle diameter. Therefore, it is needed that the cross-sectional area Sc of 
the exit of the gas supply passage 21 is formed with an appropriate size to 
thereby enable sufficient acceleration of liquid droplets D in a state of being 
atomized to be sufficiently small. Furthermore, the cross-sectional area Sc 
of the exit of the gas supply passage 21 is preferred to be formed smaller than 
the cross-sectional area Sa of the lead-out passage 23. When the 
cross-sectional area Sc of the exit of the gas supply passage 21 is formed 
smaller than the cross-sectional area Sa of the lead-out passage 23, the flow 
speed of the nitrogen gas N 2 gets faster when passing through the exit 
(narrowed portion 31) of the gas supply passage 21, and the effect of turning 
pure water DIW introduced from the liquid introduction passage 32 into mist 
increases. Further, there is an effect to uniform the mist speed. For 
example, when the cross-sectional shape of the exit of the gas supply passage 
21 is a circular shape, the diameter c of the exit (narrowed portion 31) of the 
gas supply passage 21 is preferably approximately 1.2 mm to 2.8 mm, more 
preferably approximately 1.5 mm to 2.5 mm. FIG 5 is a graph showing a 
relationship between the diameter c and cleaning performance (particle 
removing rate) when the cross-sectional shape of the exit of the gas supply 
passage 21 is a circular shape, which is examined in later-described examples. 
It can be seen that the cleaning performance is high when the diameter c is in 
the range of approximately 1.2 mm to 2.8 mm, preferably approximately 1.5 
mm to 2.5 mm. When the cross- sectional shape of the exit of the gas supply 
path 21 is other than a circular shape, such as an oval shape, the 
cross-sectional area Sc of the exit (narrowed portion 31) of the gas supply 
passage 21 is preferably approximately 1.13 mm 2 to 6.16 mm 2 , more 
preferably approximately 1.77 mm 2 to 4.19 mm 2 . Further, the 
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cross-sectional area Sc of the exit (narrowed portion 31) of the gas supply 
passage 21 is preferred to be formed equal to the cross-sectional area Sb of 
the injection port 24 or smaller than the cross-sectional area Sb of the 
injection port 24. In order to atomize liquid droplets D to uniform the mist 

5 speed, it is effective to make the cross-sectional area Sc of the exit (narrowed 
portion 31) of the gas supply passage 21 equal to or smaller than the 
cross-sectional area Sb of the injection port 24 to thereby increase the N 2 flow 
speed at the mixing portion of the nitrogen gas N 2 and the pure water DIW. 
The mist speed needs to be dropped for cleaning of particularly a miniaturized 

10 pattern or the like, and it is more effective in such a case. When the 
cross-sectional shape of the exit of the gas supply passage 21 and the 
cross-sectional shape of the injection port 24 are both a circular shape, a ratio 
between the diameter c of the exit (narrowed portion 31) of the gas supply 
passage 21 and the diameter b of the injection port 24 is preferably 

15 approximately b : c = 1 : 0.4 to 0.93. For example, if the diameter b of the 
injection port 24 is 3 mm, pressure loss at the narrowed portion 31 increases 
when c < 0.4b and the N 2 supply pressure is in a normal use range, by which 
the N 2 flow rate cannot be increased and the mist speed at an eject portion 
slows down, by which sufficient cleaning force cannot be obtained, which is 

20 not favorable. On the other hand, when the diameter c of the exit (narrowed 
portion 31) of the gas supply passage 21 > 0.93b, the N 2 flow speed at a 
mixing portion is slow, so that the atomization of liquid droplets is not 
sufficient, which is not favorable. On the other hand, when c = 0.4b to 0.93b, 
the N 2 flow speed becomes appropriate, which is favorable for generating a 

25 fine mist and uniformizing the mist speed. When either of the 
cross-sectional shape of the exit of the gas supply passage 21 or the 
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cross-sectional shape of the injection port 24 is other than a circular shape, 
such as an oval shape, the ratio of the cross-sectional area Sb of the injection 
port 24 and the cross-sectional area Sc of the exit (narrowed portion 3 1) of the 
gas supply passage 21 is preferably approximately Sb : Sc = 1 : 0.16 to 0.87. 
5 [0030] 

Further, if the flow rate of nitrogen gas N 2 supplied from the exit 
(narrowed portion 31) of the gas supply passage 21 is low, it is difficult to 
atomize liquid droplets D sufficiently, and the mean particle diameter of 
liquid droplets D becomes large. If the flow rate of nitrogen gas N 2 supplied 

10 from the exit (narrowed portion 31) of the gas supply passage 21 is high, 
exhausting inside the cup 6 shown in FIG 1 is not performed sufficiently, 
which causes a problem that particles adhere on the wafer W again. The 
flow rate of nitrogen gas N 2 flowing out from the exit (narrowed portion 31) 
of the gas supply passage 21 is preferably approximately 5 L to 200 L/min 

15 (normal) for example, more preferably approximately 10 L to 100 L/min 
(normal). Furthermore, if the flow rate of nitrogen gas N 2 supplied from the 
exit (narrowed portion 31) of the gas supply passage 21 is low with respect to 
the flow rate of the pure water DIW supplied from the exit (narrowed portion 
38) of the liquid supply passage 22, it is difficult to atomize liquid droplets D 

20 sufficiently, and the mean particle diameter of liquid droplets D becomes 
large. The flow rate of nitrogen gas N 2 supplied from the exit (narrowed 
portion 3 1) of the gas supply passage 21 is preferably approximately 50 times 
or more, more preferably approximately 100 times or more of the flow rate of 
pure water DIW supplied from the exit (narrowed portion 31) of the liquid 

25 supply passage 22. 
[0031] 
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In the liquid supply passage 22, if the cross-sectional area Sd of the 
exit of the liquid supply passage 22, namely the cross-sectional area of the 
narrowed portion 38, is too small, the flow rate of pure water DIW flowing 
out from the narrowed portion 38 is limited to be low, and the number of 

5 liquid droplets D to be formed decreases. Conversely, if the cross-sectional 
area Sd of the exit of the liquid supply passage 22 is too large, liquid droplets 
D to be formed may become larger than a desirable particle diameter. 
Therefore, it is needed to form the cross-sectional area Sd of the exit 
(narrowed portion 38) of the liquid supply passage 22 with an appropriate size 

10 so as to enable formation of a desirable number of liquid droplets D with a 
desirable particle diameter. For example, when the cross- sectional shape of 
the exit (narrowed portion 38) of the liquid supply passage 22 is a circular 
shape, the diameter d of the exit (narrowed portion 38) of the liquid supply 
passage 22 is preferably approximately 0.5 mm to 5 mm, more preferably 

15 approximately 1 mm to 3 mm. When the cross-sectional shape of the exit 
(narrowed portion 38) of the liquid supply passage 22 is other than a circular 
shape, such as an oval shape, the cross-sectional area Sd of the exit (narrowed 
portion 38) of the liquid supply passage 22 is preferably approximately 0.196 
mm 2 to 19.625 mm 2 , more preferably approximately 0.785 mm to 7.065 mm . 

20 Further, when the cross-sectional shape of the exit (narrowed portion 38) of 
the liquid supply passage 22 and the cross-sectional shape of the injection 
port 24 are both a circular shape, the ratio between the diameter d of the exit 
(narrowed portion 38) of the liquid supply passage 22 and the diameter b of 
the injection port 24 is preferably approximately d : b = 1 : 1 to 3. When 

25 either of the cross-sectional shape of the exit (narrowed portion 38) of the 
liquid supply passage 22 or the cross-sectional shape of the injection port 24 
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is other than a circular shape, such as an oval shape, the ratio between the 
cross-sectional area Sd of the exit (narrowed portion 38) of the liquid supply 
passage 22 and the cross-sectional area Sb of the injection port 24 is 
preferably approximately Sd : Sb = 1 : 1 to 9. 
5 [0032] 

Further, if the flow rate of pure water DIW supplied from the 
narrowed portion 38 (liquid supply passage 22) is low, the cleaning 
performance becomes low because the number of liquid droplets D decreases. 
If the flow rate of pure water DIW supplied from the narrowed portion 38 is 

10 high, it is difficult to atomize the liquid droplets D sufficiently, and the mean 
particle diameter of liquid droplets D becomes large. The flow rate of pure 
water DIW supplied from the narrowed portion 38 is, for example, preferably 
approximately 20 mL to 500 mL/min, more preferably approximately 100 mL 
to 200 mL/min. 

15 [0033] 

As shown in FIG 3, the two-fluid nozzle 5 is constituted of a nozzle 
main body 41 in which the liquid supply passage 22, the liquid introduction 
passage 32, the lead-out passage 23, and the injection port 24 are formed, and 
an engagement member 42, in which the gas supply passage 21 is formed and 

20 which is engaged with the nozzle main body 41. On a base end side of the 
nozzle main body 41, a hollow portion 43 opening at an outside face of the 
base end portion of the nozzle main body 41 is formed in a cross-sectionally 
circular shape. On the front end side of the nozzle main body 41, the 
lead-out passage 23 is formed. The hollow portion 43 is formed coaxially 

25 with the lead-out passage 23. Between the front end of the hollow portion 
43 and the entrance of the lead-out passage 23, there is a taper face 45 formed 
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to get narrow from the hollow portion 43 side toward the lead-out passage 23 
side. Further, on the opening side of the hollow portion 43, a thread groove 
46 is formed. The liquid supply passage 22 opens on the inner face of the 
hollow portion 43 between the taper face 45 and the thread groove 46. 
5 [0034] 

The engagement member 42 is constituted of an insertion body 5 1 to 
be inserted into the hollow portion 43 and a head 52 arranged on the base end 
side of the nozzle main body 41. The insertion body 51 has, for example, a 
large cylinder portion 53 in a cylindrical shape formed with an inside 

10 diameter substantially equal to that of the hollow portion 43, a small cylinder 
portion 54 in a cylindrical shape provided on the front end side of the large 
cylinder portion 53 and formed with an outside diameter smaller than the 
inside diameter of the hollow portion 43, and a truncated cone portion 55 in a 
truncated cone shape formed rather closer to the front end side than the small 

15 cylinder portion 54 and to get narrow toward the front end side. Further, on 
an outside face of the large cylinder portion 53, a thread groove 56 for being 
screwed with the thread groove 46 of the hollow portion 43 is provided. The 
head 52 is formed with a diameter larger than the inside diameter of the 
hollow portion 43 and the outside diameter of the large cylinder portion 53. 

20 The gas supply passage 21 is provided to penetrate, from a base end side face 
of the head 52, respective center portions of the large cylinder portion 53, the 
small cylinder portion 54, and the truncated cone portion 55, and the exit of 
the narrowed portion 3 1 is formed to open on a plane of the front end portion 
of the truncated cone portion 55. 

25 [0035] 

In a state that the insertion body 51 of the engagement member 42 is 
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inserted into the hollow portion 43 to screw the thread groove 46 with the 
thread groove 56, an annular gap, namely the liquid introduction passage 32 is 
formed between the outside face of the small cylinder portion 54 and the 
inside face of the hollow portion 43. Further, between the outside face of the 
truncated cone portion 55 and the taper face 45, an annular gap, namely the 
taper portion 37 is formed. The head 52 is provided to block the hollow 
portion 43 so as to closely contact the peripheral face of the opening of the 
hollow portion 43., 
[0036] 

Note that as a material for the nozzle body 41 and the engagement 
member 42 constituting the two-fluid nozzle 5, it is preferable to use, for 
example, a fluorine resin or the like such as PTFE (polytetrafluoroethylene). 
[0037] 

As shown in FIG 6, to the gas supply passage 21, a gas supply pipe 62 
15 supplying nitrogen gas from the nitrogen gas supply source 61 is connected. 
On the gas supply pipe 62, a flow meter 63, a flow rate adjusting valve 65, 
and a filter 66 are interposed in this order from the nitrogen supply source 61 
side. Further, on the liquid supply passage 22, a liquid supply pipe 72 for 
supplying pure water from a pure water supply source 71 is connected. On 
20 the liquid supply pipe 72, a flow meter 73, a flow rate adjusting valve 75, and 
a filter 76 are interposed in this order from the pure water supply source 71 
side. 
[0038] 

Further, there is provided a control unit 80 for outputting an 
25 instruction tc manipulate the flow rate adjusting valve 65 and the flow rate 
adjusting valve 75. Flow rates detected by the flow meters 63, 73 are 



24 

monitored by the control unit 80. The control unit 80 outputs an instruction 
to adjust the opening degree of the flow rate adjusting valve 65 so that the 
nitrogen gas flows at a desired flow rate inside the gas supply pipe 62 based 
on a flow rate detection value from the flow meter 63. Further, the control 
5 unit 80 outputs an instruction to adjust the opening degree of the flow rate 
adjusting valve 75 so that the pure water flows at a desired flow rate inside 
the liquid supply pipe 72 based on a flow rate detection value from the flow 
meter 73. 
[0039] 

10 Now, regarding this cleaning apparatus 1, first by a not-shown carry 

arm, a wafer W yet to be cleaned is carried into the cleaning apparatus 1, and 
the wafer W is passed to the spin chuck 2 as shown in FIG 1. At this time, 
the wafer W is held by the spin chuck 2 with its surface (a face on which a 
pattern is formed) being the top face. When the wafer W is passed to the 

15 spin chuck 2, as shown by chain double-dashed lines in FIG 2, the two-fluid 
nozzle 5 and the nozzle arm 15 are retreated to the outside of the cup 6. 
After the wafer W is passed to the spin chuck 2, the drive unit 17 is driven to 
turn the nozzle arm 15, and as shown by solid lines in FIG 2, the two- fluid 
nozzle 5 is moved to above the wafer W, and injection of liquid droplets D is 

20 started. On the other hand, the spin chuck 2 is rotated by driving the motor 
12 shown in FIG 1 to start rotating the wafer W. Then, while the two-fluid 
nozzle 5 is moved from above a center portion of the wafer W toward above a 
peripheral portion of the wafer W 5 a jet flow is injected to the surface of the 
rotating wafer W. Accordingly, the jet flow is injected on the entire surface 

25 of the wafer W, thereby removing contaminants adhering on the surface of the 
wafer W. 
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[0040] 

The jet flow is formed as described below. First, the flow rate 
adjusting valve 65 is opened to allow nitrogen gas N 2 supplied form the 
nitrogen gas supply source 61 to pass through the gas supply pipe 62 and the 

5 gas supply passage 21. The flow rate of the nitrogen gas N 2 inside the gas 
supply pipe 62 is controlled to be a desired value by adjusting the flow rate 
adjusting valve 65 based on a detected value from the flow meter 63 by an 
instruction from the control unit 80. Therefore, the nitrogen gas N 2 can be 
supplied at an appropriate flow rate to the gas supply passage 21. The 

10 nitrogen gas N 2 that has passed through the gas supply passage 21 is 
discharged from the narrowed portion 3 1 as shown in FIG 4 and flows into 
the entrance of the lead-out passage 23. 
[0041] 

While supplying the nitrogen gas N 2 in this manner, the flow rate 
15 regulating valve 75 is opened to allow pure water DIW supplied from the pure 
water supply source 71 to pass through the liquid supply pipe 72 and the 
liquid supply passage 22. The flow rate of the pure water DIW inside the 
liquid supply pipe 72 is controlled to be a desired value by adjusting the flow 
rate adjusting valve 75 based on a detected value from the flow meter 73 by 
20 an instruction from the control unit 80. Therefore, the pure water DIW can 
be supplied to the liquid supply passage 22 at an appropriate flow rate. The 
pure water DIW that has passed through the liquid supply passage 22 is, as 
shown in FIG 4, discharged in a substantially vertical direction from the 
narrowed portion 38 to the annular trench 36 of the liquid introduction 
25 passage 32 and flows into the annular trench 36, and spreads annularly from 
the exit of the narrowed portion 38 along the inner face of the annular trench 
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36, and moreover, the pure water DIW flows annularly into the entire taper 
portion 37. Then, from the taper portion 37 to the entrance of the lead-out 
passage 23, the pure water DIW is discharged obliquely. 
[0042] 

5 The nitrogen gas N 2 that has passed through the gas supply passage 21 

and the pure water DIW that has passed through the taper potion 37 are 
discharged respectively to the entrance of the lead-out passage 23 and mix 
with each other. The nitrogen gas N 2 is discharged straight from the 
narrowed portion 31 of the gas supply passage 21 to the lead-out passage 23, 

10 and the pure water is discharged obliquely from the entire periphery of the 
entrance of the lead-out passage 23 toward the entrance of the lead-out 
passage 23. As a result of mixing of the nitrogen gas N 2 and the pure water 
DIW, the pure water DIW collided with the nitrogen gas N 2 become fine 
particles to form liquid droplets D of the pure water DIW. The nitrogen gas 

15 N 2 and the pure water DIW are supplied from the narrowed portion 3 1 and the 
taper portion 37 respectively at an appropriate flow rate so that a sufficient 
number of liquid droplets D with a sufficiently small particle diameter are 
formed. 
[0043] 

20 The jet flow of liquid droplets D and nitrogen gas N 2 is lead out via 

the lead-out passage 23 and heads toward the injection port 24. The liquid 
droplets D are accelerated by the flow of nitrogen gas N 2 when passing 
through the lead-out passage 23. The length LI of the lead-out passage 23 is 
set to an enough length for allowing sufficient acceleration of the liquid 

25 droplets D ; and the nitrogen gas N 2 is supplied to the lead-out passage 23 at 
an appropriate flow rate for accelerating the liquid droplets D sufficiently, so 
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that the liquid droplets D can be accelerated to a sufficient speed and injected 
from the injection port 24, and collided with the surface of the wafer W. 
Therefore, contaminants can be favorably removed from the surface of the 
wafer W. Further, the length LI of the lead-out passage 23 is set to an 
5 appropriate length for suppressing the liquid droplets D to converge together 
and become large when passing through the lead-out passage 23, and thus the 
liquid droplets D are lead out to the injection port 24 as fine particles as they 
are. 
[0044] 

10 The jet flow passing through the lead-out passage 23 may include 

liquid droplets D which are not formed with a sufficiently small particle 
diameter when the pure water DIW and the nitrogen gas N 2 are mixed, or 
liquid droplets D which grew large along the inner wall of the lead-out 
passage 23 while passing through the lead-out passage 23. Even when these 

15 large liquid droplets D are mixed, they are re-atomized while passing through 
the injection port 24 and divided into sufficiently small liquid droplets D, and 
thus it is possible to prevent collision of large liquid droplets D with the 
surface of the wafer W. Therefore, damage on the surface of the wafer W 
can be prevented. Further, the number of liquid droplets D increases. Also, 

20 since the large liquid droplets D divide into plural liquid droplets D in the 
injection port 24, the number of liquid droplets D increases. Therefore, a 
large number of fine-particle liquid droplets D can be collided with the 
surface of the wafer W, and thus contaminants can be removed favorably from 
the surface of the wafer W. Furthermore, as compared to a case of not 

25 providing the injection port 24, there is an effect that the particle diameter and 
the injection speed of the liquid droplets D are uniformed. Specifically, 
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liquid droplets D at a slow injection speed which do not participate in removal 
of contaminants, liquid droplets D at a too high injection speed which may 
damage the surface of a wafer W or large liquid droplets D can be decreased, 
and thereby a large number of liquid droplets D can be injected at a favorable 

5 injection speed for removal of contaminants. Therefore, while improving 
the contaminant removing performance, damage on the surface of a wafer W 
due to large liquid droplets D or fast liquid droplets D can be prevented. 
Note that for removing contaminants without damaging the surface of a wafer 
W, the particle diameter of a liquid drop D is preferably approximately 100 

10 um or smaller, and the speed thereof is preferably approximately 80 m/sec or 
lower. More preferably, the mean value of particle diameters of liquid 
droplets D is approximately 50 um or smaller and the maximum particle 
diameter is approximately 100 um or smaller, and the mean value of the speed 
of liquid droplets D is approximately 40 m/sec or larger and approximately 80 

15 m/sec or smaller. 
[0045] 

Since the vertical cross-sectional shape of the exit side periphery of 
the injection port 24 has a right angle, the straightness of liquid droplets D is 
good and liquid droplets D collide intensely with the surface of the wafer W, 
20 and thus contaminants can be favorably removed from the surface of the 
wafer W. 
[0046] 

After generating a jet flow of liquid droplets D by the two-fluid nozzle 
5 as described above and the entire surface of the wafer W is cleaned by the 
25 jet flow, the flow rate adjusting valve 65 and the flow rate adjusting valve 75 
are closed by an instruction from the control unit 80, and the injection of the 
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jet flow from the two-fluid nozzle 5 is stopped. Then, as shown by the chain 
double-dashed lines in FIG 2, the two-fluid nozzle 5 and the nozzle arm 15 
are retracted to the outside of the cup 6. Further, driving of the motor 12 is 
stopped to stop rotation of the spin chuck 2 and the wafer W. Then, the 
5 carry arm (not-shown) is moved into the cleaning apparatus 1 , and the wafer 
W is received from the spin chuck 2 and carried out from the cleaning 
apparatus 1 by the carry arm (not-shown). Thus, the processing in the 
cleaning apparatus 1 is completed. 
[0047] 

10 According to this two-fluid nozzle 5, by providing the injection port 

24 in an orifice shape on the front end of the lead-out passage 23 and allowing 
liquid droplets D to pass through the injection port 24, the liquid droplets D 
can be re-atomized to be a particle shape with a sufficiently small particle 
diameter and injected. Even when a large liquid drop D is formed, it is 

15 re-atomized in the injection port 24, so that the liquid droplets D can be 
injected with their particle diameters being uniformed with a small particle 
diameter. Therefore, collision of large liquid droplets D with the surface of a 
wafer W can be prevented, and damage on the surface of the wafer W can be 
prevented. Furthermore, since a large number of fine-particle liquid droplets 

20 D are formed by re-atomizing and a large number of liquid droplets D can be 
collided with the surface of the wafer W, the contaminant removing 
performance improves. Further, by setting the lead-out passage 23 and the 
injection port 24 to sufficient lengths, liquid droplets D which are sufficiently 
atomized can be injected at an appropriate speed. Therefore, good 

25 contaminant removing performance can be obtained. Furthermore, speeds of 
liquid droplets D can be uniformed. Specifically, since a large number of 
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liquid droplets D can be injected at an appropriate injection speed, damage on 
the surface of the wafer W can be prevented while improving the contaminant 
removing performance. Further, by the cleaning apparatus 1 according to 
the present invention, the contaminant removing characteristic can be 
5 improved without damaging the surface of a wafer W. 
[0048] 

In the foregoing, the example of the preferred embodiment of the 
present invention has been described, but the present invention is not limited 
to the embodiment described herein. For example, in this embodiment, the 

10 liquid is pure water and the gas is nitrogen gas, but they are not limited 
thereto, where the liquid may be a chemical solution or the like for cleaning, 
and the gas may be air or the like. Also, the substrate is not limited to a 
semiconductor wafer, which may be another glass for LCD substrates, or a 
CD substrate, a print substrate, a ceramic substrate, or the like. 

15 [0049] 

Arrangements and shapes of the gas supply passage 21, the liquid 
supply passage 22, and the liquid introduction passage 32 are not limited to 
those shown in the embodiment. Further, in this embodiment, as an example 
of the structure of the two-fluid nozzle 5, one is described which is 

20 constituted of the nozzle main body 41 and the engagement member 42, in 
which the liquid introduction passage 32 is formed between the small cylinder 
portion 54 of the nozzle main body 41 and the hollow portion 43 of the nozzle 
main body 41, but the structure of the two- fluid nozzle 5 is not limited 
thereto. 

25 [00501 

In this embodiment, the vertical cross-sectional shape of the portion 
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along the exit side periphery of the injection port 24 is formed with a right 
angle, but the vertical cross- sectional shape of the portion along the exit side 
periphery of the injection port 24 may have an acute angle as shown in FIG 7. 
For example, the periphery of the injection port 24 with a substantially 
5 circular cross-section is formed to have an outside diameter which gets 
smaller toward its front end, and a substantially truncated cone face is formed 
along the periphery of the exit of the injection port 24. Also in this case, 
liquid droplets D injected from the injection port 24 proceed straight easily in 
a direction to which the lead-out passage 23 and the injection port 24 are 
10 heading, and the liquid droplets D can be injected intensely and intensively 
toward a wafer W, which can improve the contaminant removing 
performance. 
[0051] 

Further, the cross-sectional shape of the injection port 24 and the 
15 cross-sectional shape of the narrowed portion 31 are both described as a 
circular shape, but these shapes are not limited to a circular shape, where any 
shape may be adopted. For example, as shown in FIG 8, the injection port 
24 and the narrowed portion 31 may be formed as plural holes (multiple 
holes). 
20 [Example 1] 
[0052] 

The diameter a of the lead-out passage 23, the diameter b of the 
injection port 24, the diameter c of the narrowed portion 31, and the diameter 
d of the narrowed portion 38 were set as a : b = 1 : 0.75, b : c = 1 : 0.67, a : c 
25 = 1 : 0.5. and d : b = 1 : 3 as shown in Table 1. Note that the cross-sectional 
shape of the lead-out passage 23, the cross-sectional shape of the injection 
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port 24, the cross-sectional shape of the narrowed portion 31, and the 
cross-sectional shape of the narrowed portion 38 are all a circular shape. 
This two-fluid nozzle 5 was used to perform cleaning tests of a wafer W, and 
contaminant removing performance of the two-fluid nozzle 5 was confirmed. 
5 As a result, good contaminant removing performance was obtained without 
damaging the surface of the wafer W. 
[0053] 
[Table 1] 



RATIO TERM 


RATIO (EXAMPLE 1) 


OPTIMUM RATIO 


a : b 


1:0. 7 5 


1 : 0. 5~0. 9 


b : c 


1:0. 6 7 


1:0. 4 — 0. 9 3 


a : c 


1:0.5 


1:0. 5 — 1 . 0 


d : b 


1 : 3 


1 : 1 . 0 — 3 . 0 
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[Example 2] 
[0054] 

In the two-fluid nozzle 5 used in the example 1 , the diameter c of the 
exit (narrowed portion 31) of the gas supply passage 21 was changed to check 

15 the relationship between the diameter c and the cleaning performance (particle 
removing rate). As a result, FIG 5 and FIG 9 were obtained. Note that in 
FIG 5, with the particle removing rate of when the diameter c = 2.0 mm with 
which the cleaning performance was the highest being 1, the particle 
removing rate of each diameter c is shown by the ratio with respect to the 

20 particle removing rate 1. As shown in FIG 5, when the diameter c of the 
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exit (narrowed portion 31) of the gas supply passage 21 is in the range of 1.2 
mm to 2.8 mm, an effective particle removing rate can be obtained. 
Especially, with the diameter c in the range of 1 .5 mm to 2.5 mm, a particle 
removing rate which is considered to be the optimum can be assured. 

5 Further, it was found that as the diameter c of the exit (narrowed portion 31) 
of the gas supply passage 21 gets smaller, a mist diameter gets smaller and 
speed distribution becomes uniform. Especially, in order to atomize a mist 
at a low flow rate, it is more advantageous as the diameter c gets smaller. As 
shown in FIG 9, as compared to the diameter c being 1 .5 mm and 2.0 mm, the 

10 diameter c being 3.0 mm caused difficulty in generation of a fine mist. 
[Industrial Applicability] 
[0055] 

The present invention can be used favorably for removing 
contaminants adhering on the surface of a semiconductor substrate or the like 
15 for example. 



